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ABOVE: 
The authors, Francoise 
Berlandier and Ian 
Dadour, check the results 
of a bioassay . 
Confirmation of insecticide resistance in green peach aphid in 
Western Australia's lupin crops means farmers will have to choose 
insecticides much more carefully to control this pest. 
Resistance within an aphid population varies, and when resistant 
aphids are no longer exposed to insecticides, they may revert back 
to being susceptible in as little as one generation. Furthermore, 
when these revertant populations are exposed to the same 
insecticides in the future, resistance quickly reoccurs. 
In this article, the authors discuss a test to determine the extent of 
insecticide resistance in green peach aphid and how to manage it. 
By Francoise Berlandier and Ian Dadour, Entomologists, 
South Perth 
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Field trials 
Seven insecticides were tested. They were 
demeton-s-methyl, thiometon, endosulfan and 
pirimicarb, which were registered for control 
of GPA in lupins, and chlorpyrifos, 
lambdacyhalothrin and methamidophos, 
which were not registered. Test plots of 
narrow-leaf lupin (Lupinus angustitolius, var. 
Gungurru) were 25 m long by 2.8 m wide, 
surrounded by 30 m cereal buffers. 
Aphids on the apical 10 cm of the lupin grow- 
ing tip of 15-20 tagged plants per plot were 
counted one to two hours before the applica- 
tion of insecticide, and then 24 and 48 hours 
after. Numbers of dead aphids in the sprayed 
plots were corrected by taking into account 
aphid losses in the control plots. This adjust- 
ment is necessary to compensate for de- 
creases in aphid populations due to natural 
causes, such as changes in temperature or 
predation. 
All insecticides registered for use against 
aphids in lupins failed to control GPA ad- 
equately (see Figure 1). However, they did 
control bluegreen aphid and cowpea aphid 
(results not shown). 
The other species are bluegreen aphid 
(;kyrthosiphon kondo,) and cowpea aphid 
(Aphis craccivora). All species damage lupins 
by feeding on the growing tips of young and 
flowering plants, but the GPA is the main 
carrier of cucumber mosaic virus and bean 
yellow mosaic virus in lupins. 
The Department's Entomology Branch and 
regional staff from Moora and Geraldton 
immediately conducted trials at Badgingarra 
and Chapman Valley Research Stations to 
determine the extent of insecticide resistance 
in GP A. GP As were collected from 11 locations 
and reared in the laboratory. Bioassay tech- 
niques were used to examine aphids for 
resistance. 
Testing for resistance 
During the 1990 lupin growing season, farmers 
reported that insecticides registered for the 
control of aphids in lupin crops were having 
little effect. The Department of Agriculture 
subsequently established that these insecti- 
cides had failed to control green peach aphid 
(Myzus persicae, GPA), one of three aphid 
species which damage lupins in Western 
Australia. 
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Figure J. Effectiveness of various insecticides against green peach aphid 
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lnsecls generally become resistant to pyredJroids most readily, 
followed by the orpnopbospborus insecticides and lastly to the 
carbamates. 
Many WestAusttallm lupln aops Infested with aphids are sprayed 
with carbamates !JeeNretbesechemicalsare 'soil' on other insects 
and relatively ioexpenslve. 
Once green peach aphids are resistant to carbamates, only 
methamidophos. which is a broad spectrum orgaoophosphonD 
iDsecticide, will ldB them. Metbamidophos is a particuJarly toxic 
insecticide and its efficacy lasts longer than that of most 
organophospboru insecticides. At the recommended rates, this 
chemical ismoreexpe1.1Sive(Sl&90/ha)than eitherpirimicarb(S9Jl>/ 
ha) or demetoo+methyl (SI 7.9'l/ha) (current prices). 
.. 
Department of Agricul- 
ture-Grain Pool of WA 
lupin extension special- 
ist, Peter Nelson, 
sweeping a lupin crop for 
aphids in the Toodyay 
area. 
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How the test kit works . 
Insects develop resistance by over-producing 
the enzyme esterase that detoxifies insecti- 
cides. This enzyme is usually present in very 
small amounts. Aphids increase the produc- 
tion of this enzyme until it constitutes up to 2 
per cent of their total body protein. They do 
this by copying the genes for esterase many 
times ( called gene amplification) so that many 
'gene copies' exist in each cell to satisfy the 
insect's high demand for a particular product. 
The resistance test we use, known as a tile 
test, is the simplest and cheapest of the many 
tests available and takes less than an hour to 
get a result. This test involves directly measur- 
ing the amount of esterase in the aphid. 
This was the first documented record of 
insecticide resistance in GPA in Western 
Australia. The pattern of resistance between 
different aphid populations varied from loca- 
tion to location and from season to season. 
have a known susceptible population with 
which to compare our results. The most 
susceptible populations in this study ( one 
from Wellstead for pirimicarb and derneton-s- 
methyl and one from Mt Barker for pirimicarb 
and dimethoate) may be moderately resistant. 
The most revealing result of this study was the 
detection of two populations, collected from 
potato crops from the Bunbury region, show- 
ing high resistance to all three insecticides 
from two chemical groups. Development of 
resistance to chemicals from both the 
organophosphorus and carbamate insecticide 
groups is important, as it demonstrates the 
aphid uses similar mechanisms to detoxify 
insecticide esters. 
The Bunbury aphid population was more 
resistant, probably because it had come into 
contact with insecticide frequently. GPA is also 
a pest of horticultural crops, particularly 
potatoes, which are widely grown around 
Bunbury. These crops, and hence GPA, are 
sometimes sprayed every seven to ten days 
with organophosphorus and/or carbamate 
insecticides. The routine use of a number of 
different insecticides and the quantity applied 
is likely to have selected for highly resistant 
strains of GPA 
A GPA colony that has not been exposed to 
insecticides for several years can be classified 
as a susceptible population and insecticides 
registered for control will kill more than 95 per 
cent of these aphids. Unfortunately, we did not 
Laboratory bioassays 
GPA collected from the 11 locations were 
reared separately in the laboratory and tested 
for resistance to the three chemicals - 
demeton-s-methyl, pirimicarb and dimethoate - 
from two chemical groups commonly used to 
control aphids. These aphid strains were 
collected to ensure that insecticide failures in 
the field were not caused by poor application 
technique or equipment failure, and to estab- 
lish if resistance was more widespread than 
originally reported. 
Laboratory bioassays confirmed that resistance 
was widespread. Aphid colonies from some 
locations were more resistant than others; for 
instance, the survival rate of aphids collected 
from Bunbury was much higher than those 
collected from Wellstead. 
.. 
Aphids feeding on lupins can severely damage the 
plant. 
Management of resistance 
Several alternatives are available to manage 
insecticide resistance. Test aphid populations 
first for resistance by using the Department of 
Agriculture's simple resistance test kit, then 
choose one of these alternatives. 
• If several insecticides from different chemi- 
cal groups are registered for control of GP A, 
alternate the use of groups to delay onset of 
resistance. 
• Insecticide mixes ( different chemicals 
combined in various proportions) may be more 
effective than using one chemical alone, though 
this is not recommended until further research 
has been conducted. 
• Avoid slow-release formulations. 
• Use insecticides mixed with synergists 
( chemicals that enhance the effectiveness of an 
insecticide) which suppress the aphid's detoxi- 
fying mechanisms. 
• Use a one-off dose of insecticide (such as 
methamidophos) that is effective against 
resistant aphids. 
Current evidence indicates that aphids in lupin 
crops should be sprayed only to control feeding 
damage, not to prevent the spread of cucumber 
mosaic virus. O 
Of the 27 aphid populations tested during the 
1991 lupin season, only three were susceptible. 
In one susceptible population collected from a 
crop that had not been sprayed for four years, 
30 per cent of the population had low resist- 
ance individuals. However, we do not know 
whether these aphids persist locally or are 
recent immigrants into this area. 
exposed to the insecticide. This problem can be 
overcome if the recent spray history of each 
population is known. If a GPA population has 
recorded resistance in a previous lupin growing 
season, the probability of resistance developing 
again in successive seasons is higher than in a 
population which has never developed resist- 
ance. 
... 
Components of the easy-to-use kit to test for resistance 
in green peach aphids in the field. 
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Results of some 1991 tests 
During the 1991 lupin growing season, 27 
populations of GPA were tested, of which 24 
were found to be resistant at RI ( low resist- 
ance) and above. The levels of resistance 
varied, with 20 strains having R2-R3 (medium 
resistance, high resistance) levels greater than 
30 per cent (nine of which were greater than 60 
per cent). Only three populations were com- 
pletely >-RI (susceptible, low resistance). If 
tests showed more than 30 per cent of the 
aphid population was resistant at R2 or R3 
level, methamidophos was the recommended 
insecticide. 
GPA in Western Australia have developed 
resistance to organophosphorus ( dimethoate 
and demeton-s-methyl) and carbamate 
(pirimicarb) insecticides. However, the resist- 
ance levels of the 11 populations tested for 
each chemical varied. 
Field tests confirmed resistance in GPA at a 
number of other localities during the 1991 lupin 
season (see Figure 2). As there were no large 
infestations of aphids during 1991, testing was 
limited. 
Unfortunately, the field test cannot ascertain 
whether a susceptible population of aphids 
contains revertant individuals. Although these 
in ividuals generally make up less than 10 per 
cent of an aphid population, they can quickly 
regain resistance once the population is re- 
The kit helps farmers decide what insecticides 
to use and prevents the repeated use of ineffec- 
tive insecticides against resistant aphids. 
Twenty-four GP As are collected at random 
from a lupin crop. Each aphid is crushed and 
mixed with a solution which reacts with 
esterase. The mixture is stained, and the 
intensity of colour indicates the level of 
esterase in each aphid and thus the level of its 
resistance to insecticides. 
... 
Figure 2. Levels of 
resistance of 27 
populations of green 
peach aphid in 1991. 
R2 (40.7%) 
S = susceptible 
R1 = low resistance 
R2 = medium resistance 
R3 = high resistance 
